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Module 12

Lecture: DC motors - Physics



DC motors

You will learn in this module
» Fundamentals of Electromagnetic Fields

 Ampere's Law
» Faraday-Maxwell

= Brushed DC Motors
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Electromagnetic Fields

3

Current induces a magnetic field Maanetic Wire
= Derived from Ampere's Law: B = NIp/L ?:ie|d,
n i B
s current Electrical
» L is the length of the coil Currenlt,
= N is the number of turns .
= uis the permeability Electromagnet
= B is magnetic field B
|-)—cA
¥ <§
B field 9
North < South
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Current, |
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DC Motor Physics
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Electrical Model

w
A

Faraday-Maxwell
Force = Current*Length*Magnetic Field

F = I*L*B

Right hand rule

Thumb = direction of current
Fingers = direction of magnetic field
Palm = direction of force

Commutators
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DC Motor Physics

Electrical Model
R - Resistance from long wires
L - Inductance because wires are coil (electromagnet)

emf - voltage (mechanical < electrical energy conversion)

| +
R
Motor

emf

5 | DC motors - Physics

V =L dl/dt
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DC Motor Physics

Components
Brushes Commutator Rotor Stator (not shown)
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Basic Model for a DC motor

Considerations

Voltage (V)

Current (A)

Power (W = V*A = J/sec)
Force (N=kg*m/sec?)
Torque (N-m)

Inductance (H)

emf (V)

Friction (coefficient)
Speed (rps)
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P =V

F =m*a

r=F*d

V =L dl/dt
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Summary

| +
Electromagnets R
" B=Nil Motor
DC Motor L
= F=|*L*B
» R, L, emf emf
=  Brush, commutator, coil, stator -
= Power, force, torque
B
Right hand rule
11 Thumb = direction of current
: Fingers = direction of magnetic field
I . )
/ I Palm = direction of force
F
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Module 12

Lecture: DC motors - Interface



DC motors

You will learn in this module
= Drive circuits for DC Motors
» Darlington Pair, H bridge
e TI DRV8838 driver
* Interfacing motors with TI's LaunchPad
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Basic Drive circuits for DC motors

Design considerations
= Peak voltage

= Peak current

= Speed

= Back emf

Vim

+ DC motor

R

1N914

AN L @ H
200
TIP120 _Jeul 105

Rp S
50

V=V,-V,
lp = lee/Nse (Max)
R < (3.3-Vp )/l

R =30Q
Why is | > (V,,-V,.)/30Q7?
emf = (V,-V.o)-1,*R

L
50 P24

125 P24

200 P24
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One direction, power adjusted by duty cycle
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Basic Drive circuit — Unidirectional

4

Design: 6V, 1A

= TIP120 (NPN)

* hg, = 1000 (typical)
" |, = 3A (Mmax)

» back emf (1N914)

l, = Iy /N, = 1A/1000 = 1mA
R, £ (Vou-Vee)ly = (3-2.5)/1MA = 0.5 kO

R, = 100 Q

Ve depends on current (0.5to 1 V)
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1N914
p

TIP120
Ro
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MOSFET Drive circuit for DC motor

N channel considerations

= Vg turns on +V,

m
= Vg small 4+

z Ib = Ice/hfe (max)
= |, large R al R1 < (3.3-V,)/l,
1N914 Coll
=g, |v
yemf [

D
Negative Logic
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Motor-Drive Circuits for Bidirectional Control

H bridge using Two-phase Motor Driver (Tl L293)
= Can spin motors in both directions

= Canlose 1to 2V in transistors

+5 +V | 8
16 8 L293 .
L293 J L.
2 3 — A Q31—
1A 1Y 3 5
AN A v 0000
doa s = g oy
2A 2Y N g
45
+5 — 12BN IZS ZI_§1N914 =* =°

More information: http://www.ti.com/lit/ds/symlink/I293.pdf
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MOSFET interface of a DC motor

P channel considerations

= Vs turns on
+V, V=V -Vos

" Vps small I, = I_/h,, (Max)
= | large R1 < (3.3-Vye)/l,

P channel

vID

+

R

Coil

L

N tive Logi
+)emf
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MOSFET interface of a DC motor using H bridge

H bridge

N channel
MOSFETs

Basic circuit inside the DRV8838

More info: http://www.ti.com/product/drv8838/description?keyMatch=DRV8838&tisearch=Search-EN-Everything
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Drive circuit using TI DRV8838

Pololu Board

+3.3V=VCCMD
Liok
$ +72=VM
L Texas Instruments DRV8838
IRL 6| 1 |
PWML 5 I VM
RIS L .nSLEEP  VCC =2
a
TIOND £ UL 5T Vo
GND & OUT2
o
— Sever VCCMD from VREG
GND

More info: http://www.ti.com/product/drv8838/description?keyMatch=DRV8838&tisearch=Search-EN-Everything
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Drive circuit waveforms for DC Motors

Times < 200ns

DRV8838

enee ] V] \

xPHASE }( \

®, 3

xOUT1 I

xOUT2

-

16
e
®

3@ o J

More info: http://www.ti.com/product/drv8838/description?keyMatch=DRV8838&tisearch=Search-EN-Everything
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Motor Drive and Power distribution board

interface with TI's Launchpad Development board

Bl S <c—

P16 +=
PAT

MSP432-Pontl

P23
P24 |
B2
PZi6 -
P2

+33V=VCOMD

MSP432-Port2

P3.0
P32 <
P35
P a-
P36 =
P35

2 10k
T +7.2=VM
Jexas Instruments DRVES3S |
DIRL 6 1
PWML s M
nSLPL 7. %
nSLEEP  VCC
9 2 2 ML+ Lef
4 END = OUTL—S—3f.  Motor
GND & OUT2
= | Sever VCCMD from VREG
GND

10k resistors and DRVER3E drivers on Pololu board  +3.3V=VCCMD

MS5P432-Pon3

210k +7.2=VM
Texas Instruments DRVERIR
DIRR 6 1
—- PWMR ﬁ 1 Eﬁ M
—_ oSLPR 7. lusLEEP  vee—S
= o .
2D £ ourt MR ;&Sl';[
—_— GND & OUT2 Qicr
GND |

P3.6=P3.7=1 to activate, not sleep
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PH EN

DIRL PWML

P1.7 P2.7 Left
Stop

1 0 Stop

0] 1 Forward
1 1

0 0

Back

PH EN

DIRR PWMR

P1.6 P2.6 Right

0 0 Stop

1 0 Stop

0] 1 Forward
1 1 Back

Pololu Board
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Summary |
+

Darlington interfaces R
=  Simple, inefficient Motor
_ L
MOSFET interfaces
= Efficient, large current emf
H bridge Interfaces -
= Both directions
= DRV8838
DRV883x
1.8to7V Otol1lV
pwm  VCC VM
PH aonrd EN DRv&837

and

DRV8838
18A
nSLEEP Brushed DC

Motor Driver

Controller
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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